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PROBLEM TO BE SOLVED: To provide a galvannealed high tension steel sheet having the 
coated film excellent in the workability and the adhesibility by using a retained austenitic steel 
suitable as a nonstructural member for various kinds of machines, device, etc., of house 
electric appliances, building material, car, etc., and excellent in the local ductility as a basis 
material. 

SOLUTION: The basis material of the steel sheet contains by wt.% of 0.05-0.20% C, 0.02- 
1.50% Si, 0.50-3.0% Mn, 0.05-2.0% Al, and 0.007-0.25% Ti and 0.005-0.25% Nb under 
condition in the range of Ti+2Nb^0.30(%) and satisfies Si+AI<0.50(%) and (Ti+2Nb)<P+0.1Si 
and provides the complex structure composed of 1-30 vol.% austenite and the balance 
substantially ferrite. The coated film is composed of 8-15 mass % Fe and the balance 
substantially Zn so as to satisfy D1/(D0+D1)<0.80 to the thickness (DO) of this r phase and 
the thickness (D1) of this rl phase. 
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ABSTRACT- 
PROBLEM TO BE SOLVED: To provide a galvannealed high tension steel sheet 
having the coated film excellent in the workability and the adhesibility by 
using a retained austenitic steel suitable as a nonstructural member for 
various kinds of machines, device, etc., of house electric appliances, building 
material, car, etc., and excellent in the local ductility as a basis material. 

SOLUTION: The basis material of the steel sheet contains by vvt.% of 
0.05-0.20% C, 0.02-1.50% Si, 0.50-3.0% Mn, 0.05-2.0% Al, and 0.007-0.25% Ti and 
0.005-0.25% Nb under condition in the range of Ti+2Nb≤0.30(%) and satisfies 
Si+AI≤0.50(%) and (Ti+2Nb)≤P+0.1Si and provides the complex structure 
composed of 1-30 vol.% austenite and the balance substantially ferrite. The 
coated film is composed of 8-15 mass % Fe and the balance substantially Zn so 
as to satisfy D1/(D0+D1)≤0.80 to the thickness (DO) of this Γ phase 
and the thickness (D1) of this Γ1 phase. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the alloying hot-dip zinc-coated carbon steel sheet which equipped at least one side of a 
base material with the alloying hot-dip-zincing coat. The chemical composition of a base material by 
mass % C:0.05 - 0.20%, Si:0,02.L50%, Mn: 0.50-3.0%, P:0.10% or less, aluminum:0.05-2.0%, Ti 
and/or Nb Ti:0.007-0.25%, Nb:0.005-0.25%, And it contains in the range which is below Ti(%)+2Nb 
(%):0.30 (%). Furthermore, satisfy the following type (a) and the following type (b), and the remainder 
consists of Fe and an unescapable impurity. The crystalline structure of a base material has the complex 
tissue where an austenite consists 1.0 to 30%o by volume %, and the remainder consists of a ferrite 
substantially. Fe by mass % by mass % 8.0 - 15%, [ the chemical composition of the above-mentioned 
plating coat ] The remainder consists of Zn substantially and it is the thickness (DO) of gamma phase of 
a plating coat, and gamma 1 . Alloying hot-dip-zincing high-tensile-steel plate excellent in the 
workability characterized by the thickness (Dl) of a phase being what fills the relation of the following 
type (c), and plating coat adhesion. 
[Equation 1] 

S i (%) +A I (%) SO. 50 (%) (a) 

5 {T I (%) +2 N b (%) 1 (%) +0. 1 S i (%) (b) 

Di/ (Do + Di) ^0. 8 0 (c) 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the alloying hot-dip-zincing high-tensile-steel plate 
excellent in workability and plating coat adhesion suitable as a structural member of various machines, 
such as household electric appliances, building materials, and an automobile, and equipments 
[0002] 

[Description of the Prior Art] Lightweight-ization is strongly promoted by high-performance-izing and 
coincidence in recent years with various machines, such as household electric appliances, building 
materials, and an automobile, and equipments, and many high intensity-ized techniques of the steel plate 
applied have been developed. For these applications, since importance is attached to corrosion 
resistance, the hot-dip zinc-coated carbon steel sheet excellent in economical efficiency is used. Since 
the rust-proofing function or the engine performance after paint is good, the alloying hot-dip zinc-coated 
carbon steel sheet which performed alloying processing which carries out a temperature up after hot dip 
zincing, is made to diffuse Fe atom and uses Zn plating coat as a Zn-Fe alloy especially is used widely. 
[0003] If a steel plate is high-intensity-ized, ductility will fall and processing will become difficult. For 
this reason, corresponding to application expansion, the alloying hot-dip zinc-coated carbon steel sheet 
which combines good ductility and the outstanding plating coat property came to be called for with high 
intensity. 

[0004] As workability of a plating coat, powdering-proof nature and flaking-proof nature are important. 
Powdering is the phenomenon in which a plating coat is crushed by powder and exfoliates, when a steel 
plate receives a compression set in press forming. Since the corrosion resistance of the part will also 
deteriorate in spoiUng the appearance of a product if powdering occurs, it is not desirable. If it is made 
to alloy too much and Fe content of a plating coat is made high too much, the workability of a plating 
coat will deteriorate and powdering will arise. Therefore, it is made important for alloying not to be 
made to advance to raise powdering-proof nature too much. 

[0005] A flaking is the phenomenon in which a plating coat exfoliates in the shape of a flake, when a 
steel plate slides on a forming-tool front-face top. If a flaking occurs, the increase of the sliding friction 
of a steel plate and the piece of exfoliation will accumulate, and press workability will be spoiled. 
Flaking-proof nature can evaluate a plating steel plate by the sliding friction when sUding a shaping tool 
face top. It is known that it is good to make high the degree of hardness of the plating coat surface 
section for raising flaking-proof nature, and that which makes Fe content of a plating coat high for that 
purpose (that is, alloying is promoted to some extent) is good. That is, it is important to manage Fe 
content of a plating coat in the specific range to make powdering-proof nature and flaking-proof nature 
combined. 

[0006] As a steel plate which combines high intensity and good ductility, to JP,61-157625,A Si 0.4 - 1.8 
mass % (chemical composition is hereafter indicated mass % by %), The steel which contained Mn 0.2 
to 2.5% is heated to the two-phase region of a ferrite + austenite. The manufacture approach of a high- 
tensile-steel plate (it is only hereafter described as a retained austenite steel plate) of having held 30 
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seconds or more in the 500-350-degree C temperature region in the middle of cooHng, and having made 
the austenite remaining all over the crystalline structure is indicated. 

[0007] Moreover, in JP,5-70886,A, Si is contained 2.0% or less, 2.0% or less and Si(%)+aluminum(%) 
>=0.5 are contained for aluminum, and the outstanding retained austenite steel plate of local ductility 
which contains 5% or more of retained austenite by volume % is indicated. Although the uniform 
elongation to which a retained austenite steel plate of a Si-Mn system like the steel indicated by JP,61- 
157625,A influences stretch-forming nature is good, it has the problem that the local ductility which 
influences a ****** moldability is not good. The steel plate currently indicated by above-mentioned 
JP,5-70886,A is what meant the improvement of local ductility of a retained austenite steel plate, and 
makes retained austenite in a steel plate stability to a high distorted deformation field by heat-treating 
steel with high aluminum content on condition that specification, and manufacturing it. This steel plate 
is equipped with the local ductility which was excellent since strain induced transformation did not arise 
to a high distortion deformation region, and since the ****** moldability is good, it is made suitable as 
a material for structural members which carried out a complicated configuration which is looked at by 
an automobile and home electronics. 

[0008] Since a retained austenite steel plate is the steel containing a lot of Si as an austenite stabiUzation 
element, if hot dip zincing is given to this, poor plating, such as un-galvanizing, will tend to generate it. 
Moreover, the steel containing Si has the problem that the engine performance of the plating coat 
obtained is not enough, either, in an alloying reaction's becoming slow and productivity's being [ the 
processing time of alloying is long and ] inferior. When processing temperature was made high in order 
to promote alloying, it was not easy to find out the processing conditions to which alloying advances 
rapidly and is satisfied with coincidence of powdering-proof nature and flaking-proof nature. 
[0009] As the manufacture approach of the hot-dipping steel plate which uses steel containing many 
alloys, such as Si, as a base material, to JP,4-254550,A, a front face raises plating nature as steel of a 
low alloy, and the negative for high intensity surface treatment plates with which the interior tends to 
obtain high intensity as steel of a high alloy is indicated. If such a double layer steel plate is used as a 
base material, the high intensity steel plate which combines adhesion and workability can be obtained, 
but since manufacture of a base material is not easy, economical efficiency cannot bear extensive use 
deficiently. 

[0010] The hot-dip-zincing approach of the silicon content steel plate which uses as a base material the 
steel plate which contains Si 0.2% or more is indicated by JP,6-212383,A. According to this approach, 
although hot dipping of a steel plate with high Si content was possible like a retained austenite steel 
plate, the improvement effect of the adhesion of a plating coat was not enough, and satisfactory as a 
steel plate with which processing is presented. 

[001 1] Moreover, the manufacture approach of the high intensity Takanobu nature hot-dip zinc-coated 
carbon steel sheet which contains 3% or more of retained austenite at the rate of the volume that less 
than [ Si:2.0% ], Mn:0.5-3.0%, and Si(%)+aluminum (%) processes and carries out hot dipping of the 
steel plate with which are satisfied of 1.0 - 3,0%o of relation under specific temperature conditions is 
indicated by JP,1 1-13 1 145,A C:0.05 to 0.30%. In the above-mentioned official report, it is reported by 
by restricting aluminum concentration of a plating bath to 0.13% or less low that the plating adhesion 
and alloying processability of high Si steel can improve, however, possibility that alloying becomes 
inadequate by this approach and zeta phase with a low degree of hardness with few Fe contents and delta 
phase exist in a front face - there was a problem that it was high and the sliding nature of a plating coat 
front face deteriorated, and there was a problem that it was difficult to reconcile powdering-proof nature 
and flaking-proof nature as a result. 

[0012] As stated above, retained austenite steel excellent in the ****** moldability was used as the base 
material, the alloying hot-dip zinc-coated carbon steel sheet with good powdering-proof nature and 
flaking-proof nature was not indicated until now, but the implementation was desired strongly. 

[0013] 

[Problem(s) to be Solved by the Invention] The purpose of this invention uses retained austenite steel 
excellent in local ductility suitable as a structural member of various machines, such as household 
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electric appliances, building materials, and an automobile, and equipments as a base material, and is to 
offer the alloying hot-dip-zincing high-tensile-steel plate excellent in the workability which equipped at 
least the one side with the good plating coat of powdering-proof nature and flaking-proof nature, and 
plating adhesion. 
[0014] 

[Means for Solving the Problem] this invention persons used as the base material the retained austenite 
steel plate which made Si and aluminum compound and contain, and about the steel plate which 
performed hot dipping and alloying processing to the front face, as a result of repeating research to the 
reinforcement of a steel plate, ductile relation, and the adhesion of a plating coat variously about many 
****** factors, they acquired new knowledge which is expressed below. 
[0015] a. if alloying processing is performed to a hot-dip zinc-coated carbon steel sheet - a 
galvanization layer ~ the ** phase from a base material interface side, and ** ~ 1 A phase and delta 1 A 
phase and the Fe-Zn alloy phase called zeta equality progress. A ** phase is the highest and Fe content -> 
has lowest zeta phase, hardness - ** - 1 a phase ~ most ~ hard - workability ~ ** - 1 A phase is most 
inferior. 

[0016] When a base material is the steel containing Si, it is known that alloying will become slow, but 
alloying becomes slow, when P contains in the base material, and also when the crystalline structure of a 
base material has retained austenite. Being easy to segregate P to the grain boundary, retained austenite 
deposits as the 2nd phase into the grain boundary part of a steel plate in many cases. An alloying 
reaction advances, when Fe of a base material is spread in a plating phase, and the grain boundary part 
of a base material of the reaction serves as an origin of a reaction in many cases. From P and retained 
austenite existing in the grain boundary, it is presumed that it is the reason that the grain boundary 
becomes inactive makes an alloying rate late. 

[0017] Drawing J. is the fragmentary sectional view showing notionally the structure of the plating coat 
which powdering tends to generate among the alloying hot-dip zinc-coated carbon steel sheets which use 
as a base material the steel plate with which Si and P (these elements are hereafter described also as an 
"alloying delay element") with the operation which delays alloying are contained, and the crystalline 
structure has retained austenite. At drawing 1 , a sign 1 is the surface section of a base material, and a 
sign 2 is delta 1. For a phase and a sign 3, gamma phase (thickness: DO) and a sign 4 are gamma 1. A 
phase and sign Dt The thickness of the sum total of a plating coat is expressed. As shown in drawing 1 , 
gamma phase progresses in the shape of [ parallel to a base material front face ] a layer, and it is gamma 
1. A phase grows needlelike on gamma phase. At this invention, it is gamma 1 . It is the maximum of the 
average die length of a phase gamma 1 It is defined as the thickness of a phase and expresses with a sign 
"DL" 

[0018] As a result of observing minutely the cross section of the plating coat which added plastic 
deformation to the alloying hot-dip zinc-coated carbon steel sheet, and powdering generated, the crack 
inside the plating coat used as the origin of powdering is gamma 1 . The origin is in the interface of a 
phase and gamma phase, it spreads the interface of gamma phase and a base material further, and the 
crack is progressing. The thing equivalent to the zinc powder with which the trapezoid part which a 
broken line means the crack inside a plating coat by drawing 1 , and was surrounded with the broken 
hne exfoliates as powdering is expressed. Sign c is the part judged to be the origin of the above- 
mentioned crack. 

[0019] Drawing 2 is a fragmentary sectional view in which powdering-proof nature shows notionally the 
structure of the plating coat of the good plating steel plate, although a base material is the same as that of 
drawing 1 . At the plating coat whose powdering-proof nature was good, it is Dl. It decreases and is the 
thickness DO of layer-like gamma phase. It is large. 

[0020] gamma 1 A phase is delta 1 of a perimeter. As compared with a phase or gamma phase, it is hard, 
and the configuration is needlelike. For this reason, Dl The flow stress which acted on the plating coat 
front face when large is gamma 1. A phase is made into TEKO, the force acts on gamma phase, and it is 
gamma 1. A crack occurs in the base of a phase. Under the present circumstances, although the bending 
moment acted on layer-Uke gamma phase, when gamma phase was thin, gamma phase lost touch with 
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an interface with a base material, and was considered that a crack spreads an interface top with a base 
material. Dl Since the force of acting on gamma phase was small when small, it was hard to generate a 
crack, and when gamma phase was thick, it was thought that propagation of the crack by the base 
material interface did not arise. 

[0021] It is Dl [as opposed to / as a result of investigating the workability of the plating coat which 
shows various cross-section structures / alloy layer thickness (DO+Dl) in powdering-proof nature ]. 
There were a ratio and good correspondence, and when said ratio was 0.80 or less, it became clear that 
powdering-proof nature was excellent, in the example of drawing 1 , Dt:1.5micrometer and D1/(D0+D1) 
were 0.75. : 7.2 micrometers and DO : 0.25 micrometers and Dl : 2.0 micrometers and D1/(D0+D1) - 
0.89 ~ it is ~ the example of drawing 2 ~ Dt : 7.2 micrometers and D 0:0,50 ~ micrometer and Dl 
[0022] delta 1 After gamma phase generates from a base material interface in eariy stages of alloying to 
a phase, Fe atom is supplied from gamma phase. Therefore, when the alloying reactivity in a base 
material interface is good, Fe content of delta plane 1 becomes high, and flaking-proof nature improves. 
Namely, delta 1 Concentration of Fe to a phase and growth of gamma phase are considered to be carried 
out to coincidence. In other words, when [ both ] gamma phase is thick, when gamma phase is thin, a 
plating coat front face does not become hard enough, either, but not both flaking-proof [ powdering- 
proof nature or ] nature will also be desirable [ powdering-proof nature and flaking-proof nature are 
good, and ]. 

[0023] b. If a base material is made to contain Ti or Nb of ultralow volume in the specific condition 
range, alloying will be promoted, the thickness of layer-hke gamma phase increases, and it is gamma 1. 
The thickness ratio became small and powdering-proof nature improved by leaps and bounds. The 
above-mentioned specific condition range was range with which Ti and Nb content of a base material 
are satisfied of the following type to Si and P content. 
P+O.lxSi (%) <-5x {Ti(%)+2xNb(%)} 

When using as a base material the retained austenite steel plate containing Si and P (these elements are 
hereafter described also as an "alloying delay element") with the operation which delays alloying, 
diffusion of Fe to a plating coat is slow at the time of alloying. For this reason, delta 1 which needs 
diffusion of Fe atom from the whole base material interface surface Growth of a phase or gamma phase^ 
is slow. On the other hand, gamma 1 Since a phase grows needlelike, it is guessed that the growth is that 
to which the part which is rich in reactivity at an interface will advance, without being influenced so 
much by the existence of an alloying delay element or retained austenite if that it is also local exists. 
That is, it is gamma 1, although gamma phase tends to become thin when a base material contains an 
alloying delay element and retained austenite. A phase is gamma I of the plating coat which showed the 
usual growth and was formed as the result. It is thought that the thickness ratio of a phase becomes high. 

[0024] On the other hand, since Dissolution C and Dissolution N are fixed as carbon nitride when a base 
material contains Ti or Nb, the dissolution elements in the grain boundary of a base material decrease in 
number, and the diffusion phenomenon to the plating coat of Fe atom which leads the grain boundary is 
activated, and it is delta 1. Formation of a phase or gamma phase is promoted. Consequentiy, gamma 1 
It is delta 1, while the thickness ratio of a phase becomes small and powdering-proof nature improves. It 
is thought that improvement in the flaking-proof nature by growth of a phase is also attained. 
[0025] This invention is completed based on these newly acquired knowledge, and the summary is in the 
alloying hot-dip-zincing high-tensile-steel plate which was excellent in the workability and plating coat 
adhesion of a publication at the following. 

[0026] It is the alloying hot-dip zinc-coated carbon steel sheet which equipped at least one side of a base 
material with the alloying hot-dip-zincing coat. The chemical composition of a base material by mass % 
C:0.05 - 0.20%, Si:0.02-1.50%, Mn: 0.50-3.0%, P:0.10% or less, aluminum:0.05-2.0%, Ti and/or Nb 
Ti:0.007-0.25%, Nb:0.005-0.25%, And it contains in the range which is below Ti(%)+2Nb(%):0.30 (%). 
Furthermore, satisfy the following type (a) and the following type (b), and the remainder consists of Fe 
and an unescapable impurity. The crystalline structure of a base material has the complex tissue where 
an austenite consists 1.0 to 30% by volume %, and the remainder consists of a ferrite substantially. Fe 
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by mass % by mass % 8.0 - 15%, [ the chemical composition of the above-mentioned plating coat ] The 

remainder consists of Zn substantially and it is the thickness (DO) of gamma phase of a plating coat, and 

gamma 1. Alloying hot-dip -zincing high-tensile-steel plate excellent in the workability characterized by 

the thickness (Dl) of a phase being what fills the relation of the following type (c), and plating coat 

adhesion. 

[0027] 

[Equation 2] 

S i (%) +A I (%) >0. 50 (%) (a) 

5 {T i (96) + 2 N b (%) } >P (%) +0. 1 S i (%) (b) 

Di/ (Do + Di) go. 80 (c) 

[0028] In addition, since the application is the structural members for automobiles etc., it is suitable for 
the steel plate of this invention that the tensile strength of a base material uses the thing of 390 or more 
MPas and 1000 MPas or less. 

[0029] 

[Embodiment of the Invention] The gestalt of the operation of this invention to the following is 
explained to a detail. In addition, especially % display described below means mass %, unless it refuses. 
[0030] Chemical composition of a base material; C:C is an element required for there to be an operation 
which stabilizes the austenite at the time of cooling after heating steel in 2 phase temperature region of a 
ferrite + austenite, and introduce retained austenite into the steel plate after coohng. In order to secure 
the retained austenite of this amount, C is made to contain 0.05% or more, although a base material is 
made to contain retained austenite more than 1 volume % in order to secure good workability in this 
invention so that the back may be described. It is 0.08% or more preferably. 

[003 1] Moreover, C has the operation which raises the reinforcement of steel, and C is made to contain 
also in order to acquire the effectiveness. However, since weldabihty will also be spoiled in steel's 
hardening too much, spoiling ductility and workability's worsening if C content becomes superfluous, 
the content is made into 0.20% or less. It is 0. 1 5% or less preferably. 

[0032] Si and aluminum: Each of these elements is elements effective in deoxidizing steel and obtaining 
healthy steel. Moreover, since there is an operation which raises the increase of the rate of the volume of 
the ferrite in 2 phase temperature region and C concentration of an austenite, and stabilizes the austenite 
at the time of cooling, it is an element effective in obtaining retained austenite. In order to secure such 
effectiveness, Si is 0.02% or more and aluminum is 0.05% or more and Si (%). +aluminum (%) >=0.50 
(%) It is made to contain in the becoming range. 

[0033] It has the operation which makes an alloying rate small while it spoils the plating wettability on 
the front face of a base material at the time of hot dipping as the content of another side Si increases. For 
this reason, a possibility of spoiling the quality of a plating coat and the productivity of alloying 
processing increases as Si content increases. Si content is made into 1.50% or less in order to avoid such 
damage. When it is necessary to make it alloy promptly, it is desirable to make Si content into 0.70% or 
less: Since its inclusion will increase if aluminum is made to contain too much an expensive top, and the 
ductility of steel is spoiled, the content is made into 2.0% or less, 

[0034] It is a suitable element for Mn:Mn to have the operation which stabilizes an austenite and obtain 
a retained austenite steel plate. In order to obtain the retained austenite more than 1 volume %, Mn is 
made to contain 0.50% or more. An expensive top, since a steel plate will become weak and workability 
will be spoiled if it is made to contain too much, another side Mn makes the content 3.0% or less. It is 
2.5% or less preferably. 

[0035] There is each in Ti and Nb:Ti, and Nb about the operation which promotes alloying of a plating 
coat at the time of alloying processing of a hot-dipping steel plate, and it is an important element in this 
invention. By making a base material carry out optimum dose content of one sort or both of these 
elements, growth of gamma phase is promoted and it is gamma 1 . Excessive growth of a phase is 
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controlled and it is delta 1 further. Fe content in a phase can raise Fe content in increase and a coat 
surface. 

[0036] In order that the back may improve powdering-proof nature and flaking-proof nature to 
coincidence in the invention in this application so that it may state, the structure of a plating coat limits 
to the range w^ith which are satisfied of D1/(D0+D1) <=0.80. 

[0037] In order to realize this, one sort in the group which consists of more than Nb:0.005% and 0.25% 
or less, or two sorts are made to contain more than Ti:0.007% and 0.25% or less. The lower limit of Ti 
and Nb is a value required to acquire the plating coat structure of satisfying a formula (c), when each 
element is made to contain independently. 

[0038] If Ti content exceeds 0.25%, Nb content exceeds 0.25% or Ti+2Nb exceeds 0.30%, the above- 
mentioned improvement effect will be saturated, when the reinforcement of steel becomes high too 
much and it becomes unsuitable to make it contain more than it at a press-working-of-sheet-metal 
application, cost also becomes high and economical efficiency is also spoiled. Therefore, 0.25% and 
Ti+2Nb make the upper limit of the content of each element contain in the range used as 0.30% or less. 
It is the range where it is swollen preferably, and the content about the element of **** becomes 0.09% 
or less,, and Ti+2Nb becomes 0. 13% or less. In addition, as for Ti, 0.04% or less and Ti+2Nb of Nb are 
0.30% or less 0.05% or less preferably. 

[0039] It falls as the content of the alloying delay element contained in a base material increases 
alloying reactivity. The alloying inhibition ability of Si is 10 times the P, and the alloying promotion 
ability of Nb is twice Ti. Therefore, in order for the structure of a plating coat to consider as the range 
with which are satisfied of Dl/pO+Dl) <=0.80, it is good to adjust the content of Ti and/or Nb to the 
range with which it is satisfied of the following formula according to the content of Si and P. 
They are Fe and an unescapable impurity except the 5 {Ti(%)+2Nb(%)} >-P(%)+0. 1 Si(%) above. Since 
P has also in it the operation which makes an alloying rate small like Si, the content is made into 0. 10% 
or less. It is 0.03% or less preferably. Moreover, since S consumes as a sludge Mn which is an austenite 
stabilization element in depositing as MnS and checking the ductility of a steel plate, in order to avoid 
this, considering as 0.10% or less is desirable [ S content ]. Since N deposits as AIN and exhausts 
aluminum, in order to avoid this, considering as 0.010% or less is still more desirable. 
[0040] The crystalline structure of a base material; the crystalline structure of a base material shall 
contain retained austenite 1 to 30% by volume %, and shall have the complex tissue where the 
remainder consists of a ferrite substantially. When press working of sheet metal of the steel plate is 
carried out, strain induced transformation of the retained austenite is carried out, and it has the operation 
which the part hardens, and fracture is prevented and raises the deformability as the whole. In order to 
acquire this effectiveness, retained austenite is made to contain more than 1 volume %. It is more than 5 
volume % preferably. 

[0041] If the ratio of retained austenite becomes high too much, since the tensile strength of a base 
material will become high too much, it is not desirable. In order to avoid this, the ratio of retained 
austenite is made below into 30 volume %. It is below 20 volume % preferably. 
[0042] Since the semantics that the remainder consists of a ferrite substantially can secure the 
outstanding ductility made into the purpose of this invention even if transformation organizations, such 
as some bainite, a pearlite, and a cementite, mix on the occasion of cooling from 2 phase temperature 
region for obtaining retained austenite, it means not interfering, even if the 3rd organization of above- 
mentioned extent mixes. When mixing, it is desirable to carry out to below 10 volume %. ^ 
[0043] Plating coat; a plating coat shall contain Fe 8 to 15%, and the remainder shall consist of Zn 
substantially. When not filling Fe content in a plating coat to 8%, since eta phase (pure zinc) remains on 
a plating coat front face and paintwork, weldability, and flaking-proof nature deteriorate, it is not good. 
When Fe content in a plating coat exceeds 1 5%, since gamma phase becomes thick too much and — 
powdering-proof nature deteriorates, it is not good. 

[0044] gamma 1 of a plating coat If the thickness (Dl) of a phase becomes large too much, powdering- 
proof nature will be spoiled, and if the thickness (DO) of gamma phase becomes small too much, 
flaking-proof nature will be spoiled, gamma 1 calculated by Dl/ODO+Dl) in order to both make good 
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powdering-proof nature and flaking-proof nature The ratio of a phase is made or less into 0.80. It is 0.40 
or less still more preferably 0.60 or less preferably, gamma 1 In the usual case, especially the minimum 
of the ratio of a phase is gamma 1 although not set up. It is rare for the ratio of a phase to become a 
value lower than 0. 1 . 

[0045] In addition, gamma phase and gamma 1 Since each phase is a hard alloy phase, though plating 
coat structure is filling the upper type (c), it cannot avoid the workability easily that it is inferior as 
compared with a steel plate. From this semantics, if the range of the thickness of a plating coat is 20 
micrometers or less, for example, it is DO. About 1.5 micrometers or less and Dl It is desirable to 
restrict to about 1.6 micrometers or less. 

[0046] gamma phase and gamma 1 The thickness of a phase shall be measured by the following 
approaches by this invention. Namely, the plating coat cross section which cut the plating coat in the A 
thickness direction and was obtained is ground. Etch the field with thin NAITARU liquid, and 
organization observation is carried out in SEM (scanning electron microscope), gamma phase -- the 
average of the thickness of ten or more places - DO ** - carrying out - gamma 1 a phase 30 or more 
gamma 1 about -- the die length from gamma phase front face - measuring -- the average of the die 
length of five high orders - Dl ** - it carries out. The cutting direction of a coat cross section is good 
in the direction of arbitration to a rolling direction. When these values are 1 micrometer or less, a sample 
is observed in TEM (transmission electron microscope), and it is gamma phase and gamma 1 . What is 
necessary is just to ask for the thickness of a phase. Identification of these phases should just perform 
structural analysis with the electron diffraction method by TEM (transmission electron microscope). 
[0047] The manufacture approach; manufacturing by the following approaches is suitable for the steel 
plate of this invention. After carrying out acid washing of the hot rolled sheet steel which the base 
material dissolved the steel which has the above-mentioned chemical composition by the well-known 
approach, cast, and hot-rolled and obtained the obtained steel, or this, the cold rolled sheet steel cold- 
rolled and obtained is used. A base material pretreats by well-known approaches, such as alkaline 
degreasing and electrolytic degreasing in the inside of alkali, and in order to carry out removal removal 
of oil dirt, waterdrop, etc. which remain subsequently, preheating is performed with a conventional 
method. Since a base material contains Si and aluminum 0.50% or more in total, it has a possibility that 
un-galvanizing may occur with the not sufficient wettabihty of the plating metal on the front face of a 
base material. In order to avoid this, it is_desirablet o once oxidize, to an neal a front face in the post 
reduction nature ambient atmosphere, and to make a front face generate reduced iron in preheating. For 
0.2% or less or aluminum content. Si content of a base material is [ the amount of oxidation in that 
case ] 02 g/m 2, if it is the case where it is 1 .0% or less. If it considers as the above, it can galvanize i 
enough. When Si content of a base material exceeds 0.2% or aluminum content exceeds 1 .0%, they are ^ 
0.5 g/m2. It is desirable to make the above iron oxide generate. 

[0048] Reduction annealing subsequently to 780-degree-C or more temperature field 870 degrees C or 
less heated and annealed in a reducing atmosphere to reserve annealing is performed. Although it is 
necessary to make reduction anneaUng temperature into the temperature region below an Ac3 
transformation point beyond an Acl transformation point in order to use a base material as 2 phase 
organization steel which consists of a ferrite + austenite When base material temperature does not fulfill 
780 degrees C, re-dissolution of a cementite takes time amount too much, in exceeding 870 degrees C, 
the rate of the volume of an austenite increases too much, C concentration in an austenite falls, and the 
retained austenite steel plate which has the austenite of a desired amount is not obtained. Therefore, as 
for reduction annealing temperature, it is desirable to consider as 780-degree-C or more temperature 
field 870 degrees C or less. 

[0049] As for after reduction annealing, it is desirable to give low-temperature maintenance which cools 
to a 350 degrees C - 550 degrees C temperature field, and is made to pile up 20 seconds or more in the 
temperature field. By carrying out the transformation to bainite of apart of austenites, the purpose of 
low-temperature maintenance promotes concentration of C to an austenite, raises the stability of an 
austenite, and is in making retained austenite easy to obtain. 

[0050] As for the cooling conditions from reduction annealing temperature to a low-temperature 
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retention temperature field, it is desirable after reduction annealing that 700 degrees C cools slowly with 
the cooling rate of 10 degrees C/second or less, and, as for the cooling rate from 700 degrees C to low- 
temperature retention temperature, it is desirable to cool quickly in a second in 20 degrees C /or more. 
However, if it is not necessary to limit to this condition and stability can be made to generate retained 
austenite, it is not necessary to persist in the above-mentioned heat pattern. For example, it is possible 
enough for the ingredient linearly cooled to 500 degrees C in a second in 780 degrees C to 20 degrees 
C /to also adjust retained austenite to 1% or more. 

[0051] Steel just makes low-temperature maintenance pile up 20 seconds or more in a field (350 degrees 
C or more and 550 degrees C or less), the approach may be cooled gradually so that the residence time 
may become 20 seconds or more in the above-mentioned temperature requirement, and the approach of 
holding with constant temperature is also available. Concentration of C is promoted in this temperature 
region, carrying out the transformation to bainite of the austenite. In the temperature field exceeding 550 
degrees C, a transformation to bainite does not arise, but in the temperature field which is less than 350 
degrees C, it becomes lower bainite and C condensing to an austenite becomes inadequate. 
[0052] When the residence time in this temperature region does not fulfill 20 seconds, C concentration 
to an austenite is insufficient, is stabilized, and it cannot obtain retained austenite. It may be 60 seconds 
or more preferably. Since an austenite becomes stability so that the residence time is long, it is desirable, 
but even if it is the low temperature around 420 degrees C, if it piles up about 90 seconds, the purpose of 
C concentration will be reached. 

[0053] The temperature of the above-mentioned low temperature treatment is good to consider as the 
plating bath temperature of -10 degrees C or more in order to perform hot dipping at degree process. For 
example, when plating bath temperature is 450 degrees C, as for low-temperature maintenance, it is 
desirable to carry out above 440 degrees C. 

[0054] Hot dipping is performed following low-temperature maintenance. The plating approach is 
conventionally good by the well-known approach. For example, plating bath temperature is [ that 
aluminum concentration of a plating bath should just be 0.08% - about 0.16% ] good to consider as 440- 
degree-C or more 480-degree-C or less extent. 

[0055] After plating, the amount of eyes is adjusted by well-known approaches, such as gas wiping, and, 
subsequently alloying processing is performed. Although plating is good to give both sides of a base 
material, it does not care about only one side. What is necessary is just to perform alloying processing 
by the well-known approach. For example, alloying processing temperature has 460 degrees C or more 
good less than 600 degrees C, and, as for the heating rate to alloying processing temperature, it is 
desirable to consider as the heating rate of 20 degrees C/second or more. Alloying processing is good to 
carry out for a short time, and as soon as Fe content of a plating coat turns into the specified quantity, it 
is good to cool quickly immediately. As for the heating means to alloying temperature, it is desirable to 
use the equipment suitable for rapid heating, such as an induction heater, and about coohng, although 
radiationnal cooling is sufficient, it is desirable to perform gas cooling or Myst cooling. Even if after 
alloymg processing performs temper rolling by the well-known approach or performs well-known after 
treatment, such as chromate treatment, it does not interfere 
[0056] 

[Example] (Example 1) After dissolved, cast and forged in the laboratory the steel which has the 
chemical composition shown in Table 1, having considered as the slab whose thickness is 20mm, having 
hot-rolled after heating this at 1250 degrees C, considering as the hot roUing plate with a thickness of 
1 .8mm and carrying out acid washing further, it cold-rolled and considered as the cold rolling plate with 
a thickness of 1.20mm. 
[0057] 
[Table 1] 
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c 


Si 


Un 


P 


s 


Ti 


Nb 


sol, Al 


N 


Si+Al 


Ti+2Nb 






A 


0. 14 


0. 35 


1. 20 


0. 008 


0. 005 




0. 005 


1. 20 


0. 002 


1. 55 


0. 010 


0, 043 




B 


0. 11 


0, 56 


L. 20 


0.014 


0. 005 


_ 


0. 010 


0. 90 


0. 005 


1. 45 


0. 020 


0. 069 


0. 100 


C 


0, 12 


0. 02 


1. 60 


0. 015 


0. 008 


0, 007 




1. SO 


0. 002 


1. 52 


0, 007 


0, 017 




D 


0. 11 


0. 50 


1. 50 


0.013 


0.006 


0. 007 


0. 020 


1. 02 


0.005 


1, 52 


0. 047 


0. 063 


0. 235 


E 


0. 06 


0. 02 


0. 80 


0.008 


0. 005 


0, 010 


0.020 


0. 50 


0. 004 


0, 52 


0. 050 


0. OlO 


0. 260 


F 


0. 18 


0. 70 


0. 50 


0. 010 


0. 005 


0. 020 


0. 040 


0. 80 


0. 008 


1. 50 


0. too 


0. 080 


0. 500 


G 


0, 08 


0. 46 


1. 70 


0.025 


0. 005 


0. 020 


0. 040 


1. 55 


0. 005 


2. 00 


0. 100 


0- 070 


0. 600 


H 


0. 08 


1.35 


1.70 


0. 035 


0.005 


0. 040 


0. 120 


0. 40 


0. 005 


1. 75 


0. 280 


0. 170 


1. 400 


J 


0. 20 


0. 43 


2. 00 


0. 010 


0. 003 


0. 050 


0. 060 


0. 10 


0. 005 


0. 53 


0. 170 


0. 053 


0. 860 


K 


0,20 


0.85 


2.00 


0.090 


0. 003 


0, 080 


0. 088 


0. 10 


0. 005 


0. 95 


0. 256 


0- 175 


1, 280 


L 


0.05 


0. 02 


0. 80 


0.008 


0.005 






0. 03 


0. 004 


0. 05 




0, 010 




Kf 


0. 12 


0.40 


1. 50 


0. 020 


0. 005 


- 


- 


1.00 


0, 003 


1.40 


_ 


0. 060 




N 


0. 12 


0. 30 


1.50 


0.020 


0.005 


0.007 


0.020 


0. 10 


0. 003 


0.40 


0. 047 


0,032 


0. 235 


P 


0.05 


0.20 


0. 80 


0.010 


0.005 


0, 005 




0. 50 


0. 004 


0. 70 


0. 005 


0.030 


0. 026 


Q 


0. 08 


0.50 


0. 80 


0.020 


0. 005 


0. 005 


0. 005 


0.50 


0. 004 


1.20 


0.016 


0. 070 


0. 066 


R 


0. 08 


0. 50 


0. SO 


0.055 


0.005 


0,010 




0. 50 


0. 004 


1. 20 


0.010 


0. 106 


0. 050 


S 


0. 04 


0.45 


1. 10 


o.ois 


0.005 


0. 010 


0.025 


1.05 


0. 005 


1. 50 


0. 060 


0. 060 


0, 300 




0.09 


0.01 


1.20 


0, 010 


0.005 


0. OlO 


0. 025 


1. 10 


0.005 


1. 11 


0. 060 


0.011 


0. 300 


VI 0.11 


0.40 


0. 40 


0.010 


0.005 


0. 020 


0.010 


1.00 


0. 005 


1.40 


0. 040 


0. 050 


0. 200 



[0058] Many test pieces with a width of face [ of 80mm ] and a die length of 200mm were extracted 
from the obtained cold rolling plate. These test pieces were heated in a second in 15 degrees C /to 550 
degrees C in atmospheric air or nitrogen-gas-atmosphere mind using well-known hot-dipping simulator 
equipment, and after holding for 2 seconds, preheating cooled to 200 degrees C was performed. 
Subsequently, reduction annealing which heats hydrogen at 820 degrees C by ten volume % and tiie 
remainder consisting of nitrogen in the ambient atmosphere whose dew-point is -60 degrees C or less, 
and is held for 30 seconds is given. Cool at 700 degrees C with the cooling rate of 4 degrees C/second 
after that, and it cools at 500 degrees C with the cooling rate of 40 degrees C/second. It cools to 450 
degrees C after that with the average cooling rate of 2.5-0.5 degrees C/second, a temperature up is 
carried out within 2 seconds to 460 degrees C, gas wiping is immersed, pulled up and carried out to the 
hot-dip-zincing tub held at 460 degrees C, and it is the amount of eyes per one side 60 g/m2 It adjusted 
and hot dipping was performed to both sides of a base material. The chemical composition of a hot- 
dipping bath is Fe saturation bath which the remainder becomes from Zn substantially aluminum:0. 12%, 
and plating bath temperature was made into 460 degrees C. 

[0059] Immediately after performing the above-mentioned plating, it heated in the range of 480 degrees 
C - 540 degrees C within the simulator using the infrared heating furnace, and alloying processing held 
for 15-60 seconds was performed. About Steel C, alloying processing conditions were changed and the 
thing of fault processing and what has insufficient processing were produced. 
[0060] The following approaches estimated the engine performance of the obtained steel plate. 
Tractive characteristics: The JIS No. 5 test piece for tensile test was cut down from the test piece made 
as an experiment, and the tensile test was performed. 

[0061] The amount of retained austenites: After having been immersed in the acid solution, dissolving 
the plating coat and removing a test piece, the amount of retained austenites was measured with the X- 
ray reflectivity measuring method, gamma phase and gamma 1 Thickness of a phase: After grinding the 
plating coat from the cross section and etching for 1 minute using 0.05% nitric-acid-alcoholic liquid 
(NAITARU liquid), with the electron microscope, the thickness of gamma phase often places was 
measured and the average was made into the thickness of gamma phase. It is 30 or more gamma 1 with 
the same approach. The die length from gamma phase front face about a phase is measured, and it is the 
average of the die length of five high orders gamma 1 It considered as the thickness (Dl) of a phase. 
[0062] The thin film sample was created about that with which the thickness of an alloy phase does not 
fill 1 micrometer, by TEM, it observed similarly about three to 4 visual field, and the average was made 
into the thickness or die length of each phase. Moreover, electron diffraction by TEM was analyzed for 
identification of each phase, and phase decision was performed. 
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[0063] Powdering-proof nature; the disk with a diameter of 60mm was pierced from the test piece after 
alloying processing, and press forming was carried out to the cylinder cup with the cupping test machine 
(diameter:of punchSOmm, and die-radius:3mm), and adhesive tape was stuck on the external surface of 
the side attachment wall of a cup, it exfoliated, the total exfoliation mass of the plating coat adhering to 
adhesive tape was measured, and the following criteria estimated the exfoliation mass per cylinder cup. 
O : less than 15mg, more than 0: 15mg, less than 20mg, more than **:20mg, less than 30mg, and more 
thanx:30mg 

[0064] Flaking [-proof ] nature: Coefficient of friction (mu) of a plating coat was measured and 
evaluated. Drawing 3 is the sectional view of the coefFicient-of-friction measuring device used for 
evaluation. For a test piece and a sign 6, a die and a sign 7 are [ a sign 5 / a blank holder and the sign 9 
of the blank holder bead of a hemicycle with a radius of 5mm and a sign 8 ] punch in drawing 3 . Width 
of face: Hold a test piece (30mm and die-length :270mm) 1 between the die 6 of a measuring device, and 
the blank holder bead 7, push in punch 9 in the condition of having made the blank holder load (P) 
acting, and fabricate a test piece 5 to the character type of KO. What was ground with the abrasive paper 
of #600 was used for the die 6, the blank holder bead 7, and the front face of punch 9. Slushing oil was 
applied to both sides of a test piece 1 two times 2.5 g/m per one side as lubricant, and the press fit rate of 
punch 3 was considered as a part for 60mm/. The blank holder force was made into four conditions of 
7.35kN(s), 9.8kN, 12.3kN, and 14.7kN(s). The maximum (F) of the insertion pressure of the punch 2 in 
each case was calculated, from the increment (dP) of a blank holder load, and the increment (dF) of the 
maximum of punch insertion pressure, it asked for coefficient of friction and mu=dF / 2dP estimated on 
the following criteria. 

O : 0.24 or less, 0:0.24 **, 0.28 or less, **:0.28 **, 0.32 or less, x:0.32 **. 

[0065] An evaluation result is shown in Table 2. 

[0066] 
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[0067] Each steel plate with which are satisfied of the conditions which this invention prescribes that 
Table 2 shows had good ductility, flaking-proof nature, and powdering-proof nature, though it was high 
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intensity. The test numbers 7, 10, and 12 whose Fe content in a plating coat was a little low were a little 
inferior, although flaking-proof nature was in tolerance. On the other hand, in the test number 3 1 whose 
steel L, N, S, T, and V which had few contents and cooling conditions, such as C, Si, Mn, and 
sol . aluminum, were not good, there was all Uttle retained austenite and ductility was not good. The steel 
L, M, P, Q, and R which the contents of Ti or Nb ran short, or did not fill a formula (b), and the test 
numbers 3 1 and 32 whose alloying processing conditions were not desirable did not have flaking-proof 
nature or good powdering-proof nature. 
[0068] 

[Effect of the Invention] The alloying hot-dip-zincing high-tensile-steel plate of this invention is 
excellent in the powdering-proof nature and flaking-proof nature of a plating coat, in uniform elongation 
and local elongation being excellent, since the retained austenite steel plate containing aluminum is used 
as the base material. Therefore, processing to the structural member of various machines, such as 
household electric appliances, building materials, and an automobile, and equipments is easy, and since 
it excels in the adhesion of a plating coat, and the sliding nature at the time of press working of sheet 
metal, mold goods excellent in an appearance and corrosion resistance are obtained. Therefore, it is very 
suitable as a material for promoting high-intensity-izing and the object for lightweight-izing of a 
member which carried out the complicated configuration. 
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?tfiNbS:. Ti . 0. 0 0 7-0. 2 5%. Nb : 
0. 005—0. 25%, *>-:>Ti+2NbS0. 30 
(%) OtESlT'-^^rL, S i H-A 1 SO. 5 0 

(%) fc'J:lK5 (Ti +2Nb) SP+0. 1 S i 
JEL, :t-X7^-^-f h$:#:m%-C-l-3 0%-^^L, S 

#*IK*^«S%T-Fe 5:8-1 5%-^^L, SgPfJjlfi 
WtCiZniO^O, -e^rffiiT)]!? (Do ) i;ri ffl^o 

ife (Di )3&iDi / (Do +Di )^o. somnr^ 



(2) 



12001-303226 



1 



t . «W«0'fb^ii^*i®*%TC : 0 . 0 5~0 . 2 0 
%. Si : 0. 0 2—1. 50%, Mn : 0. 5 0~ 
3. 0%, P : 0. 1 OXl^Xf, AI : 0. 0 5-2. 
0%. TifcJ;l//ijt{±NbS:. Ti : 0. 0 0 7- 
0. 2 5%. Nb : 0. 0 0 5~0. 2 5%. i}^T i 
{%) +2Nb (%) : 0. 30 {%) i^lT-Chhm^ 
T'^lrL, $ (>iZ. Tffij^ ( a ) tTiesi; ( b ) $:im* 10 
Si (%} + A I (%) ^0. 5 0 (%) 



:t-XT-^-f hA%W%T l . 0-3 0 



T8. 0-15%. Sa5:^)>^«a<JtZnJ:0^:'?. 

^mcr>rmm$ (Do) hri ffi<7)ji[S (Di 

(a) 



5 IT I (%) +2N b (%) ] (%) +0. 1 S i (%) (b) 



Di/ (Do + D i) ^0. 8 0 (o) 



[000 1] 
t0002] 

[^^<r)ms] 3fi^, ^m, j^i/etti*=5rh'c7)# 
mmm. mmxamnm-itbrnmi^zmAitii^Kim 

!ta6. mmzmtifzm%imsi^r,mmm^^htix 

fk^itX Z n*-9 Z n - F e ^^ttS^^-fb 

[0003] m^^^m^-it-ti tmmmr txmx 
mmt^j:^, zcotz!^. m^^t&izizm^ixm^mx 

[ 0 0 0 4 ] a6-:> ^^m<7)MT^t Lxim^^^yyv y 
y&.tmyv-^yvmi^mmx'hh. ^•^^y^)y'f 
Tuxmzt5\^xmmm^^i^\itzmiz}h 
-'^&mi)mmzm^-^ixxfmfiMm:hh, ^-^^ 40 

comcomA'&'L'^-i\:ti><DX'mL<^j:\,\ &&iz^ 
^it^'^xib'>^^mcr>F e^^AiSK L-rrst^ 

■^^^m<^mj:mmtLx^'^^ru y^^^^\:,i . w 

[0005] y\y~^ym. mmmmxM.m±i 
mm-tmizi^'y ^Amt^y u-'^mzmmtm^x 
hi>. yu-^y^if^^i-^bwmcomm&mm 
t, mw^ti^imLxruxMxmm^j:t>iih, my ^50 



b^cnmrnmLx-mmx-^^. if^u—^y^-tt&isji 

^mhtix t^i., •pih-hm^-^'^^u yy&bmyv- 

m^<7)mz'^m-f a i t *«gf*) 1. , 
[0006] ^m.i&b m^j:w&imhmi.i-zmmb l 
X. mtimm^e 1-15762 5^^j^m.i>z{i. s i 
io. 4-1 . 8®*% (jjiT. 'fb^iffiE^^-r%^ 

liW/ob-ti:) b. Mnf 0. 2-2. 5%-^:tL/'^ 
m^y^y^ h+^-XT-^--Y h<7)2fflJ^tJllj?»iL. 

aiit+sos 0 0-35 Qx^ff)TAm^-3 omxh^mL 
xmMm^i.z:^~:^=ri--i vt^^^tz-mmimm. 
(jiiT. mznm-XT-^^ vfmbm-) <r>^-ti 

[QOOl ]tfz. #^¥5 - 7 0 8 8 6^^#fc{±. 
S i S:2. 0%Ii(T, A 1 2:2. 0%WF, j&^oS i 
(%) +A 1 (%) SO. 5!&^*t. m.%X'5%a 

t-XTi--^ hmm^mk-^fix^^i. miBS6 1 - 1 

57 625^'mi,zmm^nx\-^mcoXo^j:S i -M 
SSPffittA^ J: < > t V ^ 3 l^mi^h t „ ±iS1f 5 - 

7 0 8 se^'m\,zmfr-^ixx\-^hmmiBm~XT 

•f^ h«!«?(0^gp@ttoefe#2:milt:tt<^T, A 1 # 

im^i)^± t^ji^^tz^^izmxtzWi^^^mtxa 
xmmxhhb^ixxx^h. 



3 

[00081 nm-^^'ri-^ himii. ^•-Xr:^^ 

[00 0 9] S i:5ri:tO^^?-^<-&qrtl.«H^«ttt 

4-25455 O^^^^gtziS. mi,ii&-^^cmt LX 
to-^^ttSriga^). l*l»i^^^coiai: tT;«3t«^#J: 

<r>X'l,t^j:\\ 

[0 0 1 0] #11^6-2 1 2 38 3-^^A^ISt::Ji. Si 

^0. 2%iyji-ir^^-r^iiig^«$jftsiis-^*«i« 

^ ■^mucomm.ib':> § -ii^mxithi t\ ^6 aikco® 
^<^iAm^^m+^x'm< . Mxizmimt l 

( 0 0 1 1 ] t)t , #11^1 1-13 114 5-^<K;|g(; 
{±. C : 0. 0 5-0. 3 0%. S i : 2. 0%&.T. 
Mn : 0. 5-3. 0%, A'OS i (%) +A 1 {%) 
*51. 0-3. 0%iOMfll^^M^SiB«^^5t(7)aS 

■^mu<^smiimi>^mi^tix\^h, ±ie^Wf±. 

i6-5t}Sc7)AljiJSSrO. 1 3%mTtciS<$iJ|St'l.i 

[0012] mij^^jt i d (c. 7Li£lf^tt{c@iiit 
B^^-Xr-t^ hilSr#fftt. 

[00 13] 

[||Bg*«?*LJ;-5t-ri.ilgi] *l&s^<7)BW(i:, ^ 



(3) !»ffl2 00 1-303226 
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[00 14] 

[IKIi5:M?*-tS:^cft>iO^K] *l6BM'^(i, S i tA 

[0015] a. {^itiEm-^^ig^tc^i^^tais^ife 

■tt. M'inb-o^mitZimM^mi^'i^. rs, r 

»rS. F e-^**{i:rffi*5fttig< ?ffl3!)iSt)ffiV\ 
[0016] nm^'S 1 ^ii^timX'h^im-^Ut-^ 

m2^bLx^iiii'izt-¥^^\ ■^±^m.mmti(7) 

F em-o^mzm^i-hztizxmnt. ^<nmb 

v\ mm.mzp^mm-:^Ti-^ Vt^^^-th:it 

tm^xh^dtrnM^tii, 

[ 0 0 1 7 ] 0 1 {i. -^it^mm-itmMmi s 

Do ) . ^$-^4i±^l »#Dt {ii6-D#^M«-^it 

Srst . 0 1 izjjk-rx d iz rmimmmiz^ff 

40 [0018] -^-fLJf S:«3«tc^tt^^ Jd 

mttz^^. ^-i^yuyyiDmj^tKchi^^^mi^ 
mcommt. ri i^tri^tco^miz^<mm^m . 
^ ^iz^M^rntmmt<r>^mnmLxm.m^^ 
Lx^^t. mixfmi±)^':>-^&mm<7)^miM<^-t 
stoT-, mmx-m^tifzi^muM^^^^y^yyt l 
xmrn-ti^mzm-t^Koimt, »^c{i±fe 

[0019] ia2{i. ^«(±iai ti5iacoi«o-cj)§*^' 

50 WA-r^^^U y^^ttA^aif T'S.^!ta6r> &fflKO*^>') §S 



[0 0 2 0] ri mt±^m<^$i m^^rmzimt?)}! 

if-^<,zLxrmzMH¥^L. ri iscDmmzn.m^ 

rmm^'^m^iziirmti^Mrttk co^m^^hw-^ 

fit-. Di m'-^\'^m^i,ziirmzi^m-tiM^-^^^'> 
rz^i,znmi)^m.uz< < , rmtm\'^^i,zimi[t^ 

[002 1] U'^mmm&i^'tisb'? ^i^mcomx^ 

(Do +Di )(c^§Di c7)a:^i:^|if^:*f;E*>* 

y^^^-^mtitztrnmuz, mit^mx-n. Dt : 

7. Do : 0. 25um^ Di : 2. 0;uin. 

Di / (Do +Di ) {iO. 89Xh'0. m2cr>mX' 20 
fi. Dt : 7. 2jKm, Do : 0. 50j«ni, Di : 
1. 5Mm^ Di / (Do +Di ){iO. 7 5-C*)-5 

[ 0 0 2 2 ] 5 1 L-C {i^^-ft^SBtcJiStt^iS 
A>^> , rffl*i^ L;t^J±rffiA>^> F e mirmmtl 

%->xm^mx'(7y^Mmmm^m^j:m^^z\i 

±t§. 5i ffiA.c7)Fe(7)ji^ti:rfflC0figft 

[0023] b . aW(C«M<7)T i * fzii^h Sr#^ 

mzntxrmim&t^mix'h'yfz, 

P+O.IXS i (%) ^5X {Ti (%) + 2xNb 40 

{%)} 

-^Mt^:mm^-^^j^m*^$yhsihi:r/p (ot. ^ 

Si (%} + A I (%) ^ 0. 5 0 (96) 
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*:^~XTi-^ hmmi:mtth^izii. ^^miz 

[0 0 24] Cl^XtSLT. M*iTi tTtdNb^-^ 

vStt^LSn, 5i ffl^Fffi<7)ffM*»'ffijl$iil,. ^co^ 

isi±i-^fcftt. *i ^(Oj^Mlzxmyi—^y:/^ 

[0025] ^mMiztit:>mfziz%i^titz^^im 
iiz ix^^titihcoTh 0 , ^-Jo^gjiTistiemco 

[0026] #«Oi!.^^< t 't>>tSa(c-^^-fk?ll!lSI{}*^ 

m^t^m.i!imM.%x'c .0.0 5~o .20%. 

S i : 0. 0 2-1 . 5 0%. Mn : 0. 5 0-3. 0 
%. P : 0. 10%mT. Al : 0. 0 5~2. 0%. 
Tifcj:t/^/^^:(iNb$:, Ti : 0. 007—0. 2 

5%. Nb : 0. 00 5 — 0. 25%. A^-^T i (%) 
+ 2Nb (%) : 0. 30 (%) WFThl^mX'^^ 

^t^iiz. Tis^ ( a ) bTii^ ( b ) m 

gfi*iFei>J;yW>SW^«l*>fe'5:0. 

i:-XTi-^ Yti^rnxxi. 0-3 0%. -m- 

tm^^mSim^%-CF e *<«M%T8 . 0- 

ffi<^i*§ (Do ) bvi mff>m^ (Di ) A^Tiesc 

( c ) tfOWf^5r)Wc-t t)<7)T?)l) h m'&.k'thML 



[0027] 
[^2] 

(, 



6 [T i (96) +2 N b {%) } (%) +0. 1 S i (96) (b) 



Di/ (Do+Di) SO. 80 (c) 



lQ0 2S^^j:ti.^^hm(nmmi. ^<r)mmmm'^ J^gOMPatLt. 10 00MPalilT«i,«^fflV>^(0 
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[0029] 

10 0 3 0] mcom'£!i(.\ C : C!iiiS:7x^-^ h 

hh. miEW<^h 1 0 [zi!i%mzi5\^x<.imm\ni 
^immi>fzMzm>,z\mm-^Ti-^ v^iw 

<\iO. 0 8%lil±T35S. 

[ 0 0 3 1 ] iJt!. c^z\m^m.js.^-&>^mmi)^h 

^<m^im^tz>ibi<z%iC^:^^^^h, U>L.5: 

-etO^WSJiO. 2 0%iaTi:'t§. 1lfl;L<{iO. 1 
[0032] Si axifh 1 : J:^l^>«7C*{iV^-f ixt 
2taJfl«l^-Cc7)7x7-f h<7)#cS[*S:tiL. ^-X 

Si{iO. 0 2%mi. AU±0. 0 5%IiLt., 

Si a) +Aia) go. 5 0(%) i:^&«!fflT-^:t$ 

[ 0 0 3 3 ] flteSrs 1 {i, ^(7yt^m.t/^m-t^z-oixxm 
m.^'>^m(0MPi^mx'(r)ib-> ^mtd^mA^trnz 

^&ifimi,z-?ixxib'>^&m>sim'^^mm(r>^ 

izs i -irWMii 1 . 5 0%OTi:-r-i.. ^^-fb^i^^A^ 
(cfc^ ^t)-|J:.S^e^S;iS3i l-Jl^fcJi S i -t^ii 0 . 7 

o%iiiTfc-r-5co*ja^u^« Auiffittt:-j,i,ai.. 

cr>X\ ^<Dii^mi2. 0%OTi:-rs. 

[0034]Mn:Mn fc{i:t-Xf"^-^ b "^^^tt 

m^^-XTi--( hmmm^coizim 

htzihl,ZUn^O. 5 0%Iil±-^fl-Sii:.So €*Mnti; 

Xtt*Ja^rfcnS(7)-c\ ^a)%-^mi3. 0%OTtf 
l,.»tt<{±2. 5%JilTT-2f>l., 
[003 5] TitJiWb : Ti tNbWJV^i*tLfc 

mmh -> % mM.cn^±\mm^^z}h % ^n^o^^-fb^ 
\m-thm^ii^h D . ^%mzii\,^h^mts:imxh 



(5) ^M200 1-3 03 226 
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I.. 

[0036] J; 0 (2*li5|BjT'{i:, Wa-.> 

i6o^jSJKc0ffiji^\ Di / (Do +Di ) so. 

8 0 ^)i^-ri.«ms-r.g. . 

[0037] Z.h.^%'m-hfc)!t)\Z^ Ti : 0. 007 
%ULh. 0. 25%&.T. Nb : 0. 0 0 5%tLh. 
10 0. 2 5%UiTj&^^>=5r^l¥<7)rtOi«^fc{i2a*^* 
Tifc<J:t^Nb(^)TRSffli:. ^ti^fi<D7mi 

mi-x-tt^-^fz^^z^ ( c ) m^-t^ib^^m 

mm^n i <^i,Z'm^j:mx'h h . 

[ 0 0 3 8 ] T i ^W1:«<0 . 2 5 %5r^a;C ^:&\ 
J±Nb^*«*iO. 2 5%^«;c^*\ ^)SV^«Ti + 

2NbAiO. 30%?:«8;tl.i: ±ISa»»!lft*^'iaiD t . 

20 ±|JK{i0. 2 5%. *^-?Ti+2Nb*iO. 30%OT 

v^■!:(?>^^r«*^o . o 9%uit. *>-:>t i + 2 n b3&>' 

0.13 tefflt-J) h , ^fciTi L < JiT i 

(±0. 0 5%m"F. NbtiO. 0 4%OT, *^oT 1 + 
2Nb*i0. 3 0%&.rX-t,i>. 

[0039] -^Mi^mmm^z^^^fi^-^Mm 
m7m<^)-t^Sii}^mti'Zr>tixi&r-t6. sico^^it 
fmmi pcoio ^xS) 0 . N b cry^^iti&mmiiT i 

i02^T*)l.. fie^T»o§ftM^flljg*5Di / (Do 
30 +Di ) go. 8 0Srj1IM-f-|>tEllfr.Sl'(±. Tifo 

5 {Ti (S;)+2Nb(»} SP(%) + 0. 1 S i (Z) 

t P {± S 1 1 ISI^tC-^ife-fL^^ /Jn$ < t-l. ft^JB*^'* I. 
<^-C^<7)^#*»iO. 10%JJlTk-rSo *fi;t<{i 

0. 03%OTT'J)S. ifa^ StJMnSfc LTffttiL 

40 sjti6(^s-^wM(io. loxaTtt^mmtt 

W $ ^,(3N(iA 1 N b IXVfiH IX A 1 iim-tlc^ 

zmmmrzmzo . 0 1 o%WFtth(Ditim 

[0040] sttwisfaffls : mncof^FMrnii. 
^-;^T:^'^ hiim%X'i'-3o%mi. m^m 

'mizyxy-i h J:>J^J:hm■^mm^^-rhh(^t■t 
i^zioxmmm^L. ^<7)m^ibmtLxm\m£^ii 
t Lx (n^mm: ^±.^n wmifh h . z <r>m^ 
50 m^rz»)\,znm-x^'^^ v ^ i *s%BLh-&*$ 
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[004 1] n^is--x^^A ya)m=fFm}.z'm<ts: 

[0 0 4 2] HgP/5>'*W6*)(C7x9-< i:<?) 
[ 0 0 4 3 ] iiO-? ; ii^o g^^illi F e Sr 8~ 1 5 

< *)^^xmf'^'y^' y y^'W^Mt-r § cot- i 

[0 04 4] *^>-:.|i*MC0ri ffi(50Jf§ (Di ) 

§ (Do ) ifiA^^<tc^-t%'Lmyv-^yymm 

mj^j:i>c^ti-^fzibl>z. Di / (Do +Di ) t'*tf) 
^.fL^ri ffl<7)Jt*^o. soUlTfc-ri.. »it<(i 
0. 60OT. S^>tc#*L<f40. 4 0J.:JIT-C3^'&. 

[0 0 4 5] ^fc. rmtvi mi.^^-rtihWM^j:^ 
tsThhm\ i^-j^mmmifii^ ( c ) ^wzix 

$*^2 0/imJJiT^0KllT-*tlH\ Do (il. 5^mS 
JSKT. Di {il. 6Mmn&&.TizMmtXii<cr>tii 

mtLw 

[0 0 4 6] r^aXX/ri ffltfO/SSJi, :$:%mX'l,m 
(S4«i^«^i) t^TfflMiS^L. rffitcov^-ctil 
imMiEmMzMLXiiW.<7)mX'}:\<\ :iiit^ 

(^mn MmaTX'h^m^i>zii. TEM (.mmm^m 

2:iKi»^ixfiii.\ iii^OfflcolsiSi, TEM OiiM 



(6) #M2 00 1-3 03 2 26 

1 0 

[0047] mmijm ; ^wmmm±&r(^mx'm 

mixnfzmmm. trdizfimmudmrnz 
mtxnfz<mmmim^^, Wfir/v-^yM. r 

}Vf] 'j '^X<rymM^-^j:}i'h^<r>-m.\zX "OWmkii 
10 itAlS^ll-TO. 5 0%JM±#*-tS?ti«^W*H 

X'<m>'>%wk(r>'mmf^ < < w-o t ^m-r s 
tr(osi-&^fi*so. 2%WT. ^/cw, Ai-^^r*** 

1. 0%WT««-^t'3^il«i'0. 2g/m2 m±i-tit 
Jf +^)-* -5 # "I^gT-J. S . ««c7) S i -ir*"**^' 0.2% 

20 [0048] ^wm.^z\>K\ ■^x'B.Ttmm^^x V S O 

•CliUiS 7 OrJilT«?ajgM«lC«LM^1-&1-^3i 
«was*57 8 O-azmtz^j^^^^izli-txy 

i>-i v<mw^kznwfi:i^ti'^'t^\ sio'c-^m-th 
ik^aat-XT-f-^ v<^wmMfm%^L-t^xi^-7. 

30 T)i7cM#fifflJg{i7 8 0'CtUi8 7 0"CJilToae^ 
[0049] Wtmimi. 3 5 O'C-S 5 O'CcOjaS 

^-y^n-^A V^^A -TA V^m.^^hZUz^'^it- 
^^^?:mibxmW^-x^i-A Vi:m^<i-^Zt 

[00503 m7tmmiM^ij>his,^m^mmtx'<D 
40 j^ai^fr (i , MTtmim 7 o o -c s -c-ii i o -c/mxf 
m^iKxim-tt z tmt L < . 7 0 o°ci}>i^i& 

t*^T'^n{±\ ±.mt.-y^-i^-yizmmt?>'mm 

wmill. 7 8 0^*^f.2 0'C/^-t-5 0 0X:ST-a 
[005 1] i&MU.mt3 5 O-CJiLh, 5 5 O^CiaTcO 

50 m^mi)^2omj±m^-ttn-£ii\^cox'h'iX. ^ 



1 1 

i±^lUS[mmTii^-^i-^ h^ij<±tt. 3 5 0 

[0052] z(omM-cm^miifi2ofpizmfz^j: 

h^^'^St^l. WTilf t tV 4 2 0 °cm^k<^MX- 

til.. 

[00 533 ±mi&wmcoiSimi. ijcis-c^n^o 

10 0 5 4] iAs^mizm^-^xmrnnb-y^^az^j: 0 , 
46-. ^ ifmi,imi&mcoi^mx'X wmnm-y^ mco 
Aimmao. os^-o. i6%gjg-c*wfj:<. 
»-?#J8jaK<i4 4 o-c£Ui4 8 o-cmTSSt -f 



(7) «fM2 00 1-303226 

1 2 

* [ 0 0 5 5 3 #^0 |if^WM;^V-< t^'i?'^: t't^c^* 
tthmmt L\,\ ^^^mmi,mmSX'ii:i^j:dco 

mK.V)-,^ F e ^^mmmMi>z^j: *)d:m 
10 ^ yr^^i^s yh-:$>^j:ifMMmmzmtfzmm^m'^ 

hZtmtLK. ^mz-?\. ^X li. Mi^' t> 

w ^^immmi. mimmizxmMmmL 
fz^. ^\^^-hm^^j:^'ji:mmmmixhS:i 

[0056] 

imm] mmm Dm izmmmi^t?>m 
^mMTmmimitt^^ixm^^2 0mm(r)m 
t zti^ 12 5 o'ciziaBXtzmmmimixif. 
20 $ 1 . 8mm<7)mm&mit l. ^(:>izmiirz^k. 
msmtx. 1 . 2 omm^oj^^E^t uz, 

[0057] 



m 


C 


Si 


Un 


P 


S 


Tl 


Nb 


sol, Al 


N 


Si+Al 


Ti+2Nb 


P+0. ISi 


5(Ti+2Nb) 


A 


0. 14 


0. 35 


1. 20 


0.008 


0, 005 




0.005 


1.20 


0. 002 


1.55 


0.010 


0.043 


0.050 


B 


0. 11 


0, 55 


1.20 


0. 014 


0.005 




0.010 


0. 90 


0.005 


1.45 


0.020 


0.069 


0. 100 


C 


0, 12 


0. 02 


1.60 


0. 015 


0. 008 


0.007 




1. 50 


0.002 


1.52 


0. 007 


0, 017 


0.035 


D 


0. 11 


0. 50 


1. 50 


0. 013 


0, 005 


0.007 


0.020 


1.02 


0.005 


1.62 


0.047 


0.063 


0.235 


E 


0. 05 


0. 02 


0, 80 


0. 008 


0.005 


0.010 


0.020 


0.50 


0. 004 


0. 52 


0. 050 


0.010 


0. 260 


F 


0. 18 


0. 70 


0, 50 


0. 010 


0. 006 


0.020 


0.040 


0.80 


0. 008 


1,60 


0. 100 


0. 080 


0. 500 


G 


0. 08 


0. 46 


1.70 


0. 025 


0.005 


0. 020 


0.040 


1.66 


0.006 


2.00 


0. 100 


0. 070 


0. 500 


H 


0. 08 


1. 35 


1. 70 


0. 035 


0. 005 


0. 040 


0. 120 


0. 40 


0. 005 


1. 75 


0. 280 


0, 170 


L. 400 


J 


0. 20 


0, 43 


2. 00 


0.010 


0. 003 


0. 050 


0. 060 


0. 10 


0. 005 


0. 53 


0. 170 


0.053 


0. 860 


K 


0. 20 


0. 85 


2. 00 


0. 090 


0. 003 


0.080 


0. 088 


0. 10 


0, 006 


0.95 


0. 256 


0. 175 


1.280 


L 


0. 05 


0. 02 


0. 80 


0. 008 


0.006 






0,03 


0. 004 


0.05 




0.010 




U 


0. 12 


0. 40 


1.50 


0. 020 


0. 005 






1. 00 


0. 003 


1.40 




0.060 




N 


0. 12 


0. 30 


1.50 


0. 020 


0.005 
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